Sodium chloride and water transport in the thin descending limb of Henle of the quail.
Birds and mammals can produce hyperosmotic urine, but their renal morphology and urine-concentrating mechanisms differ. To elucidate the countercurrent urine concentration mechanism in birds, we examined the structure and transport properties of the descending limb (DL) of Henle of mammalian-type nephrons in Japanese quail, Coturnix coturnix. In the avian renal medulla, a prominent ring of collecting ducts and scattered thick limbs surrounds a core of capillaries and DLs. Epithelial cells in the upper DL (DLu) have abundant microvilli and shallow, tight junctions; cells in the lower DL are flat and have little interdigitation. Transepithelial voltage was zero when the DLu was perfused and bathed in isosmotic avian Ringer solution. The efflux coefficients (10(-7) cm2/s) for Na (31.7 +/- 2.3) and Cl (24.9 +/- 3.6) were not significantly different and were unaltered by ouabain (10(-4) M) (32.5 +/- 2.2). Diffusional water permeability measured by [3H]H2O was low (73.0 +/- 7.8, 10(-7) cm2/s). Volume flux was nearly zero and increased only slightly when an osmotic gradient was imposed. These results suggest the DLu is highly permeable to Na and Cl and virtually impermeable to water; thus NaCl extruded actively from the thick ascending limb may enter the DL unaccompanied by water. This countercurrent multiplication system by use of single-solute recycling and a transport cascade of graded hairpin turns may help establish an osmotic gradient along the medullary cone. Thus avian and mammalian renal countercurrent multiplication systems may differ.